Abstract--Many types of stratigraphic data (for example pollen, diatoms, bulk geochemistry) are presented conveniently in a depth/frequency diagram having several frequency curves on a common depth scale. CANPLOT is a FORTRAN-77 program for plotting such stratigraphic data on a PostScript output device. Several options are included, such as stratigraphically constrained cluster analysis of the data, and a variety of graphical enhancements for producing camera-ready figures.
INTRODUCTION
Biostratigraphic and other types of data may be best presented as a series of frequency curves with a common Y-axis representing depth or relative age (Figs 1 and 2 ). Such diagrams may be used to represent stratigraphic pollen data, and are termed resolved diagrams (Faegri and Iversen, 1989) . CANPLOT is a FORTRAN-77 program to produce resolved pollen diagrams using a PC and a PostScript output device.
PostScript is a versatile device-independent pagedescription language, usually incorporated in laser printers and typesetting machines. Several software companies also sell PostScript interpreters which are able to drive almost any raster output device. CANPLOT produces a PostScript file which can be sent to any PostScript interpreter.
CANPLOT was developed in the Department of Botany at the Royal Ontario Museum. The program's precursor, PLOT10, itself was derived from another program named CALPLOT.PRO, whose origin is lost in the mists of early 1960s Minnesota. CALPLOT.PRO was brought to Toronto by J. H. McAndrews, where it and its decendants have been running for the last 23 years on a mainframe, producing draft-quality diagrams. Escalating mainframe costs and yet another change in the University's hardware prompted a major revamping of the program in 1989, during which it was determined to be a relatively simple task to modify it to run on a PC. CANPLOT now runs on a PC, with printouts coming from a NEC LC 890 Silentwriter PostScript laser printer. Because the mainframe account was used almost exclusively for pollen diagrams, it has been closed; we have realized considerable savings. Compiled using WATFOR-77 and running on an 80286 machine, the program takes about 2 min to plot an average pollen diagram; the printer takes another minute or two to print it. Hence, our time-savings also are considerable.
Several features have been built into CANPLOT, to enhance its usefulness. Some of these are: stratigraphically constrained cluster analysis, following the method developed by Grimm (1987) , the ability to add taxa together to form synthetic taxa, the use of R-values and Y-intercepts for converting data from pollen to biomass, vertical scaling by either level number (depth) or by interpolated date, exaggeration curves for rare taxa, upright and italic lettering with variable pitch, several pages of output may be created, each numbered, up to 250 taxa and 250 levels may be used in a single data set, the data format is relatively compact for efficient use of disk space, the output file may be modified using a text editor to alter the PostScript code, convenient for use on PCs, nine styles of zone boundary are supported, comments can be placed in both left and right margins, adjacent to specific levels, the "pollen sum", or total count for each level, can be plotted as a separate curve, and bargraph or sawtooth output.
Despite all these features, there may be a need to modify the printed output. This can be accomplished effectively and easily through cut-and-paste, if the user is not familiar with PostScript.
PROGRAM STRUCTURE
Most of the calculations are done in the main portion of the program. Subroutines are used for controlling (subroutine CONCTL), carrying out (subroutines CONISS and CCLUS, and functions UPDATE and D2, all of which are modified from Grimm, 1987) , and plotting (subroutine TREED) the cluster analysis, if this option is selected. Subroutines are used for the plotting of text (subroutine SYMBOL), for the actual drawing of the curves (subroutines SCREEN and CLIP), for drawing the horizontal axes (subroutine HORAX), for initializing the PostScript file (subroutine INIT), for drawing zone boundaries (subroutine ZONE), and for reading R-value and Y-intercept data (subroutine RVALIN).
The code is presented in Appendix 1 and contains numerous explanatory comments. Appendix 2 shows the data file used for Figure 2 .
INPUT DATA FORMAT The input format is described in "cards" and "columns"; in standard FORTRAN, no line may exceed 80 characters.
Cards 1 and 2
These cards are COMMENT LINES 1 and 2. They will be printed in small type below the title of the diagram. They are 72 characters long, and may be used for such information as the name of the analyst, the date of the diagram, the name of the data file, etc. Note that although the special characters {, }, [,] ,(,),(,),/,\, and % may be used anywhere else in the CANPLOT input, they must not be used in the comment lines.
Card 3
The first part of this line is the 52 character title, printed in bold letters at the top of the plot, and also printed at the top of the listing.
The second part, starting in column 54 and ending in column 73, is the 20 character Y-axis label. Where this is significantly shorter than the allowed 20 characters, the final diagram may look better if the label is centered approximately in its field.
Card 4
NTAX is the number of taxa, in columns 1-3. It is right justified in its field, with no decimal. Any synthetic taxa should be included in this number.
NLEVS is the number of levels in columns 5-7. It is right justified in its field, with no decimal.
NBSC is the number of taxa in the sum used as divisor for calculating percentages, in columns 9-11. It is right justified in its field, with no decimal.
INSTDV is the instruction on the method to use for calculating the percentages, in column 13. A 0 or blank indicates that the sum is divisor in all situations. A 1 indicates that the divisor for each taxon is the sum plus the value for that taxon if it is not listed as one of the taxa in the sum. This option is 
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used when taxa outside the sum are extremely abundant. A 2 indicates that the sum of all taxa is used in all situations. This option is rarely used. ICTL is the instruction for CONISS, in column 15. A 0 indicates that CONISS should not be run. A 1 indicates that a square-root transformation should be used. A 2 indicates that the data should be standardized. A 3 indicates that the data should be normalized. Any other value causes no transformation of the data to be performed in the cluster analysis.
INSZON is the number of zone boundaries to be placed, in column 17.
INSPAP is the paper length for the plot, in column 19. A 0 indicates USA letter-size paper. A 1 indicates USA legal-size paper.
IBAR is the switch for bargraph or sawtooth curve, in column 21. A 1 is for bar, 0 for sawtooth. The convention for the data entry for bars is that the sample level is the top of the sample interval; the bar thickness goes down to the next level number. For unsampled intervals, use a dummy level with no counts (but keep the sum nonzero, or the program will crash with divide-by-zero error). Because the sample number is the top of the sampled interval, a dummy level must be used at the end of the file to indicate the thickness of the last bar. For instance, if the last level is 595 and levels are at 5 cm intervals, then a dummy level of 600 should be added. In this dummy level, all values should be 0 except the sum.
If the sum is composed of several taxa being added together rather than a separate variable for the sum, then a dummy taxon may be added to the list for the sum, so that the dummy level may have a non-0 sum.
INNO is the zero-value switch, in column 23. A 0 indicates that taxa with no values should be ignored. A 1 indicates that all taxa are to be plotted, even if they have no values.
INSSUM is the instruction on the plotting of the sum, in column 25. A 0 indicates that the sum is not to be plotted. A 1 indicates that the sum is to be plotted following the last taxon.
INSYN is the number of synthetic taxa to use, in column 27.
INSR is the switch for R-values, in column 29 (see Card 10.1). 0 is R-value conversion off, 1 is conversion on.
INDATE is the instruction regarding the vertical scale, in column 31. A 0 causes the level numbers to be used for vertical scaling. A 1 causes the vertical scale to be adjusted by interpolating from radiocarbon (or other) dates. DS is the value to use as the X-axis increment for the sum only, in columns 45-52. If INSSUM is 1, then the pollen sum for each level is graphed using 1" = DS for the X-axis. It may occur anywhere in its field, but must have a decimal point. Only two digits after the decimal are read. The usual value is the average pollen sum for that data set.
Card 4.1
This card carries the identity number (columns 1-3) and number of taxa (columns 5-6) to use for a synthetic taxon. The maximum number of taxa to be included in a single synthetic taxon is 25. Synthetic taxa may be included in any of the operations involving regular taxa, including CONISS and the formation of other synthetic taxa (these "higher order" synthetic taxa should have a higher number). This card occurs only if INSYN (Card 4) is not 0. If INSYN is 2 or more, then Cards 4.1 and 4.2 alternate until all synthetic taxa have been numbered.
Card 4.2
This card carries the numbers to be summed to form a synthetic taxon. They are right justified in fields of 3. The maximum number of taxa to be included in a single synthetic taxon is 25, but synthetic taxa may be added to form higher order synthetic taxa (see Card 4.1). This card occurs only if INSYN is >0.
Card 4.3
This card is optional, occurring only if INSCOM and IDATES (Card 4) are together greater than 0. It carries and controls level-bound comments and data control information for vertical scaling.
Column 1 carries a code for the printing of the comment. A 0 indicates that no comment is to be printed. A 1 indicates that a l-line comment (12 characters) should be printed on the left-hand margin. A 2 causes a 2-line comment to be printed in the left margin. A 3 causes a l-line comment to be printed in the right margin. A 4 causes a 2-line comment to be printed in the right margin.
Columns 3-7 carry the date to be associated with a level for vertical scaling purposes. It must be an integer and should be expressed in years BP.
Columns 9-20 are a 12-character comment. It will be printed in the position specified by the code in column 1. Special characters are allowed.
Columns 21-32 are a second 12-character comment. It also will be printed (as the second line) in the position specified by the comment control in column 1.
Columns 34-37 are a level number signifying the start of the interval for the comment.
Columns 39-42 are the level number for the bottom of the comment. CANPLOT will average these two level values to determine the level at which to attach the comments, as well as for the interpolation of dates for the levels. Two levels are allowed to permit the use of bulk sediment dates which may be taken over several centimeters of sediment.
Note that cards carrying dates must precede cards carrying only comments. Note also that all fields must be filled, either with values or with blanks.
The number of repetitions of this card should equal the sum of INSCOM and IDATES (Card 4).
Card 5
Columns 1-3 are NVARS, the number of taxa to be used in the cluster analysis. It should be right justified in the field.
Columns 5-7 are CCX, the width of the constrained cluster analysis X-axis in inches. A decimal is required.
Columns 9-12 are CHITE, the size in inches of a capital A in the name of a taxon of average abundance. All lettering will be scaled relative to this value. A decimal is required. The value 0.13 is suggested.
Columns 14-18 are the resolution of the PostScript output device in dots per inch (dpi); it should be right justified in the field. Most laser printers use 300 dpi. No decimal should be used.
Columns 20-36 are the label to be used for the "sum", if INSSUM (J on Card 4) is 1. Even if no label is used and the sum is not to be plotted, this line must contain at least 36 characters.
Card 5.1
This card is included only if INSZON (Card 4) is not 0. Columns 1-4 are the level below which a zone boundary should be drawn. Note that the number supplied here is not the level itself, but the number of the level--for instance, 5 indicates the fifth level, not the level labeled as 5.
Columns 6-7 are a style definition for the boundary. At present, 9 styles are defined: thin, medium, or thick lines in white, black, or gray (Table 1 ). This set of a level and a style repeat with a single space between sets to a maximum of 9 sets (the maximum number of zone boundaries usable). This card is included only if NVARS (Card 5) is not 0. It contains the numbers identifying the taxa (right justified in contiguous fields of 3 digits) to be used by the constrained cluster analysis. Note that the cluster analysis may be switched on or off with ICTL without affecting the need for this card; only NVARS determines the need for this card. This card is repeated until all taxa for CONISS have been listed.
Card 6
Columns I 6 are DX, the value-per-inch for the horizontal axis for all taxa. It is anywhere in its field, but must have a decimal. Usual is 50.000.
Columns 7-12 are RX, unused at present. Columns 13-18 are AY, the length in inches of the vertical axis. It is anywhere in its field, but must have a decimal. Usual is 5.0000.
Columns 19-24 are SY, the number to show at the bottom of the vertical axis. It is anywhere in its field, but must have a decimal. It is usually the maximum depth. If the levels are depths below surface and entered as positive values, then this number should have a minus sign.
Columns 25-30 are DYM, the minimum depth or highest level to be plotted. It is anywhere in its field but must have a decimal. It is usually either 0 or the minimum depth. If the levels are depths below surface and expressed on the data cards as positive values, then this number should have a minus sign.
Columns 31-36 are DYN, the maximum depth on the vertical axis. It is anywhere in its field but must have a decimal. It is normally the same as columns 19-24. If the levels are depths below surface and expressed on the data cards as positive values, then this number should have a minus sign.
Card 7
Columns 1-3 are the number of taxa to be plotted. It is right justified.
Card 8
This card carries the numbers of the taxa to be plotted, right justified in fields of three. This card is repeated until all taxa to be plotted have been listed. The maximum is 25 taxa per card. The plot terminates at the first blank field, so all cards except the last must contain the full 25 taxa numbers. The taxa are plotted in the order in which their numbers are listed on Card 11.
Card 9
Columns 1-3 are a species number, right justified. Columns 4-20 are a species name, 17 characters long. This 20 character sequence is repeated to fit 4 taxa to a card. This card is repeated until all taxa required have been listed. The number of taxa listed should equal NTAX (Card 4).
Italics may be obtained by inserting the character "~", which will not be printed. Upright letters will resume at the start of the next taxon name (unless otherwise specified with "~ "), or at the sumbol "A ", which also will not be printed. Both symbols, where they occur (except in the first position of a name), take the place of a blank; that is, on the final plot, a blank will be inserted where these characters occur in the middle of a string.
Card I0
This card has the numbers of the taxa in the sum, right justified in fields of 3. Maximum is 26 numbers on 1 line. It is repeated to list all taxa in the sum. See NBSC on Card 4.
Card 10.1
This card is optional, occurring only when INSR (Card 4) is 1 rather than 0. It carries the number of taxa for which R-values are given, right justified in the first three columns.
Card 10.2
This card is optional, present only when INSR (Card 4) is 1 instead of 0. It carries the R-values and Y-intercepts for conversion from percent pollen to percent biomass.
The first three digits (columns 1-3) are a species number, fight justified.
The second number (columns 5-10) is the R-value for that species. It must have a decimal.
The third number (columns 12-17) is the Y-intercept for that species. It must have a decimal.
Values are given for 4 taxa per card. If the number of taxa for which R-values are given is not divisible by 4, the last repetition of this card must be padded with blanks to fill all fields.
The formula used for the conversion is (pollen%-Y-intercept)/R-value. Negative values are converted to zeros. The percentages are recalculated following conversion, and some screen messages during the program run will repeat.
Card I1
This card signals the beginning of the data set. It carries the word "DAT" in the leftmost three columns, in upper or lower case.
Card 12
Columns 1-3 are for identification, and may contain any characters except "END".
Columns 4-7 are the level number, right justified. It must be an integer.
Columns 8-10 are a taxon number, right justified. Columns 11-14 are the value for that taxon at that level. It may be an integer or have a decimal, but no digits after the decimal will be used. It should be right justified in its field.
Taxon numbers and counts are repeated as groups of 3 and 4 columns, without intervening blanks, until the card is full (10 taxa with counts). This card is repeated until all data are given. If more than one card is needed for a level, then each card except the last for that level must be filled. The levels must be in numerically ascending order, but the order of the taxa within the cards does not matter.
Card 13
This card signifies the end of the data and of the file. It carries the word "END" in the teftmost three columns, in upper or lower case.
INPUT AND OUTPUT
The input file expected by CANPLOT is P10DATA.IN. The output files are named FT07F001 and FT10F001 by the WATFOR-77 compiler. All file names can be changed by running a batch file in DOS with the appropriate commands. FT07F001 contains a listing of the input data and the calculated percentages, as well as the actual numbers resulting from the cluster analysis, if performed. It also can be useful in detecting input errors. FT10F001 contains PostScript code for drawing the diagram on a PostScript device. The code in this file has been tested extensively on a NEC SilentWriter LC-890 in PostScript mode.
CALCULATION AND PLOTTING OF POLLEN CONCENTRATION AND INFLUX
Concentration (density) is the number of pollen per cubic centimeter or gram. It can be determined by the aliquot method (Traverse and Ginsberg, 1966; Davis, 1965) or more generally by the exotic (spike) method (Berglund and Ralska-Jasiewiczowa, 1986). Our preference is the exotic method where a known number of Lycopodium spores are mixed with a measured volume of sediment before fossil pollen are concentrated by physical and chemical reduction of the sediment matrix. The introduced spores are counted together with the fossils and the cc sediment examined is calculated, that is cc examined -(cc sediment) x (spores counted) spores added
When the cc examined is divided into the fossil counts, the concentration is obtained, that is fossil concentration per cc = fossils counted cc examined
In practice the cc examined value is entered into the data file as a "taxon" and used as the "pollen sum" for making concentration calculations.
For calculation of pollen influx the rate of sedimentation is determined as years/cm sediment accumulation and multiplied by the cc sediment examined to obtain the cm 2 year examined, that is cm 2 year examined = years x (cc sed. examined) cm
The value is entered into the data file as a "taxon" and used as the "pollen sum" for making influx calculations.
Note that although both "cc examined" and "cm2year examined" values are real numbers, they must be entered as integers for CANPLOT. It is usually most practical to multiply the values by a factor of 10, 100, or 1000, then round off to the nearest integer. This will require annotating the horizontal scale of the resulting diagram, either through a comment line or through "cut-and-paste" on the resulting diagram.
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